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> Largescale paraIIeI and dlstrlbuted computing reqw

eliable failure detection and scalable consensus \
» Distributed applications capableof self-healing, perhaps
Ith checkpointing, process mlgratlom etc., require such

VICES RN 0
N _
Iass caI group communications are inappropriate due to

their inherent limitsin scalability [4] o
a

» Gossiping isascalable and fault-tolerant mechanism for
sharing liveliness information

\\‘
|
» Efficient protocols for go$3|p style failure detection and
consensus have been prewously presented in [1- 3]
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Itically depend upon

haracteristics of networks and hosts, and hold the
otential to scale with system size

1 |
» Gossip-style failure detection is a scalable dternative to

group communication methods

| N |
> Gosd ping can be impl ementéd as adistributed daemon to

provide fail uré detection services to di stributed

|
applications i |

» A comprehensive performanée analysis of gossiping
alternativesisrequired for optimizing such aservice |
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> \ imulative nature of past research leaves alarge scope for

X e mental research
alability of several gosap alternatives needs to be
ompared in terms of consensus time'and resource

tilization | NN
N
f partl cular interest Is experl mental anal ysis of resource

utlllzatlon SRR
' * | Network Bandwidth Utilization
= CPU Utilization

‘H
|

> Analytical modeling of gossiping for performance
projections aF \
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onsecutive gossip messages

clesriup OF cleanup time, isthe time interval after which a
ode is suspected to have failed S

corisinsus OF CONSENsuUs time, is the time interval after which
onsensus is reached about a failed node
» Each'node maintains three data structures: agossip list, a
suspect vector and a suspect matrix Sy
> Nodes exchapge gossip list and suspect matrix every i
seconds using one of the followi ng protocols
» Basic (Random) |

|
|
= Round robin (RR) aF
» Binary round robin (BRR)
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> osap listis avector that contal nsthe number of T
[T | NEREN ' gossip

ntervals eIapsed since Iast heartbeat for each node; If this
alue exceeds T then a node failure is suspected

= ‘cleanup

» Each node maintains asuspect vector' whose it element is
et'to ‘1’ if node Is suspected otherwise it is set to ‘0

> uspect vectors of all thenodes are qlned to form
suspect matrix of sizex n; on receipt of a message,
suspect matrix and gossip I|st is updated as explained in [3]

> Consensus |sreached on the state of ndd=ach element
In columnj of the suspect matrix contalns a‘l @

@@
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» All nodes in the system constitute a group
|| I . I

> Network bandwidth scalability

Network bandwidth utilization per node found to scale as O(n?), wheren

is number of nodes NRE W
|

. quregate bandwidth utilization scales O(n®) N
> CPU utilization scalability |

= O(n?) a
» Consensus time sca ability \
»' |5 also dependent upon system size
= Somewhat limited in scalability with approx. linear characteristics

* e.g. with requisite tuning of the cleanup value, édOO nodes would require
approx. twice aslong to reach consensus as 1000 nodes

» Poor scalability of resource utilization can make flat gossiping
impractical for large system sizes y
|

Laboratories
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> No esmthesystem are divided

archical fashlon to form the
le vesofa('5055|p1L RN

' » Consensus is reached in the
lowest group (LlSénd

prdbagamed to the rest Ry

For a two-layer s&/étEm, ‘L1 Gossip’is
Intra-group gossip

‘L2 Gossip’ is inter-group gossﬂa\

Higher layers may be considered (L3
L4, etc.) as performance requirements
dictate

Example of atwo-layer system with L1 and L2 gossip
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padcast
When consensus is reached on anode, a speciai CONSensus message
containing the id of the faulty-node is broadcast to the whole system

In systems that support atrue hardware broadcast, all nodesin the system
reach consensus around the same time with little variation in consensus

time ny NN

» Gossip RN

The id of the faulty-node is attached to the gossip messages

= Higher-layer gossip messages carry thisinformation to other groups ina
layered system “H .

= Therelis appreciaple variation in consensus time across different nodes

> Gossip structures considered herein: |1 \
* Flat with broadcast (FWB) | |
= Flat without broadcast (FWOB) y ‘
= | ayered with broadcast (LWB)
= | ayered without broadcast (LWOB)
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des 32 nodes each fromAipha,

and Delta clustersin
T \

itched Fast Ethernet which is
he control network for CARRIER

» Operating system on all nodesis
Redhat Linux 6.1/6.2 N

|
| | }
» Alphanode— 400MHz Intel Celeron processor V\‘/ith integrated 128KB L2 cach
» Delta node — 600MHz Intel Pentium-Ill processors with internal 512KB L2 cache
» Zeta node — 733MHz Intel Pentium-Ill with integrated 256KB L2 cache |
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Consensus Time (ms)
Consensus Time (ms)

—m— Basic
-——RR
—o—BRR

48 64 48 80
Number of nodes Number of nodes
| N |
L FWB | N (2) FWOB

Tyosip = 10Ms, Best consensus time * “\\ |

gossip —
N . . | T

> For system sizeslarger than 72, Basic || » FWB and FWOB exhibit similar
scalaﬁbility in the region of interest.
|

performsbetter than RR, N

» Consensustime scalesin agenerally > For the %dme system size and cleanup

linear fashion for all the three protocols | time, FWB hésamarginally lower
in theregion of interest. | | | consensus time than FWOB.
|

|
* Best consensus time achieved by setting T,,..,,, to lowest possible value, called optimal cl ednup time.
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—x— Group size 32
—— Group size 24
—o— Group size 16
—m— Group size 8

—o— Fixed cleanup time (200ms)
—e— Optimal cleanup time

w
o
o

Consensus Time (ms)

-
ol

o

48 64 16
Number of nodes Number of groups
o (2) Fixed S)Jstem size (96 nodes)
| |
Tgossp = 10ms, Best consensustime, L1 usesRR and L2 usesBasic . |

‘(1‘) ‘FJxed group qige

N |
> For fixed grohb Size, con‘sensustime IS § For afixed system size, increase in number
almost independent of system|size and of groups exhibits diminishing benefitsin
scales with the efficiency of the broadcast; consensus timeif fixed cleanup time used.

in thiscaseit isideally scalable. | ‘ > By contrast, when optimal cleanup time

» Consensus on failed node within a group | | used for each group size, <fonsensustime
needs only be reached within that group, decr eases substantially | |
and henceisindependent of system size but

ey with group size. » Smallest group size [1 min. co%ﬂensustlme.
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—%— Group size 32
—aA— Group size 24
—o— Group size 16
—m— Group size 8

s)
[EN
o
o
o
[EnN
a
o
o

—o— Fixed cleanup time (200 ms) |

—«&— Optimal cleanup Time

Consensus Time (m
Consensus Time (ms)

16
Number of nodes Number of groups

N )
1) Fixed group size (2) Fixed system size (96 nodes)

T gossp = 10ms, Best consensustxme, L 1usesRR and L2 usesBasic | | o
| | . N .
> Consensustime increaseswith system > For fixed system size, increasein number
size; slope of increase decreaééswnh of grbwgsincreasesconsenwstime
increasein group size, since means less |

) : > Performancelimproved if optimal
groupswith which toreach consensus. | | cleanup time used instead of fixed.

» Behavior isoppositeto layering with
broadcast.

|
" > For any system size, opL[imaI group size
(in termsof just consensus'time) is lar gest
group size(i.e.961n thiscase}.
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. TgosgiIO = 10ms

¢ Flat gossiping
uses RR

 For layered
architecturelL 1
ISRRand L2is

| Basic; the group
Sizeisset to 8

(0]
o
o

~
0
S
N—r
o
E
|
0
S
0
c
©
0
c
o
&)

Number of nodes
L WB scaleswell compared to flat gossi pinb,vyith consensustimefor 96-node LWB system
being approximately 25% that of comparablefl\aF system. | ‘

LWOB isleast scalable, with consensustime for 96-node LW OB system being aﬁprox.
threetimesthat of comparable flat system. |
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—&— Packet length

—o— Payload

Packet Length (Bytes)
Bandwidth per node (Kb/s)

48 64 48 64
Number of nodes Number of nodes

N
|
(1) Packet length | (2) Network utilization 6ef nope

AR Tg(mp—loms Number of nddb$|svar|edfrom 8t0 96

> Packet length varieswith én‘ overall > Network Iq)j(ndmdth utilization varies
O(n?) scalability. with an overall, O(n?) scalability.

payload size of a UDP packet) at a
system size of 104 nodes; afterwards,
increased overhead incurred for | |
segmentation and reassembly. |

> Payload exceeds 1626 bytes (i.e. max. | || > Network bandwidth utilization per
|

node exceeds 1 Mb/s at 96 Podes.
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—e—80-node system

—o— 32-node system

Aggregate Bandwidth (Mb/s)

32 48
Number of nodes T gossip (MS)

RN m—
Q) Agg‘;regate bandwiqtq | (2) Network‘ utilization per node

Tgossp = 10ms iIsvaried from 1Imsto 20msm‘sﬁeps of Ims

] M |
> Agoregate networ k bandwi qth utlllzatlon » Bandwidth util. per node decr eases

varies as O(nd). exponenL[i*anywith increasein T

» Aggregate bandwidth utilization exceeds > For Ty valuc‘es greater than 10ms,

|
100 M b/s at 96 nodes. N | | reduction in utilization is negligible.

1 Tgossip |
\P‘

gossip *
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—m— Group size 8

—o— Group size 16

—o— Group size 32

Bandwidth per node (Kb/s)

o
o

Bandwidth per node (Kb/s)

1
(1) Total bandV\‘/ithh per node + Ebﬁeﬁl group size
|

|| N |
» For fixed group size, neth)r‘k bandwidth
utilization per node varies ap;gr‘oximately
linearly in region of interest.

> For system sizelarger than 96, group of
16 becomes mor e efficient than group of
8 as observed from crossover in Fig. 1.

Number of groups
I ‘ ‘ ‘
(2) Total bandwidth per Aode — Fixed system size = 96

> Given a system size, there existsan
optimurﬁ group size that minimizestotal
gossip utilization of network bandwidth.

|
|
y > Heuristic: optimum number of groupsis
approx. the squareroot of tq)tal system
size (e.g. 8 or 12 nodes for a96—Pode

systemf.
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Bandwidth per node (Kb/s)
Bandwidth per node (Kb/s)

12 16 20 12 16 20 24 28 32
Number of groups Number of groups

| |
(L) L‘l hétvilork utiIizatim pTer node (2) L2 nel[vJon utilization per node
|

|
T gosip = 10ms, keeping the total number pf nodes fixed at 96, number of groubéilsyaried

» Given asysterﬁ size, ther e exists an optimum > L2 gossip network utilization varies as
group size that minimizes neiiwo[k bandwidth O(g9), vyhereg iIsthe # of groups.

utilization from L1 gossip. > L2 gossip network utilization

» Theoptimum number of groupsis | | demonstratesthat, depending upon
approximately the squareroot of the total | | | perfor mance requirements, at some
system size (e.g. optimal, integral point additional layer () be%/ond two
group size of 8 or 12). may be needed. |
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* Tgosip = 10mMs

—+— Flat Gossiping ¢ F-lat| gossiping
—o— Layered Gossiping uses RR

=
o
o
o

 For layered
architecturelL 1
ISRRand L2is
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» Network utilization scalability makes a strong case for layering.

|
» For a 96-node system, layered gossiping Fequiresonly about 10% of Petwork
bandwidth utilization associated with flat gossiping. | |
|
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—o— Alpha node —0— Alpha node
—A— Delta node —A— Delta node
—m— Zeta node —m— Zeta node

N
o

[EEN
(8]

[N
o

CPU Utilization (%)

(6]

o

60
Number of nodes Tgossip (ms)

|
(1) CPU utilization — 10ms (2) CPU utiization ~Varying Toss,p(% nodes)

‘QOFSI(J ‘
|
. » CPU utjlization varies asa second-order | | ‘> CPU utilization experiences hyﬂefbollc

polynorluai 1 ' decrease with increasein Ty, -

| : :
> CPU utilization will reach 100% at ~250 > If Ty, iSlessthan OStime-slice, CPU
nodes, making flat gossip not practical at utilization will approach 100%, dueto
or even near thisthreshold. busy waiting.

y
‘H For the current implementaﬁion on Linux,

{hetimesliceis 10ms. | |
|
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—x— Group size 32 _ —o0— Alpha node
—&— Group size 24
—A— Delta node

| —=— Group size 16
—l— Zeta node

N
©
N
o

—e— Group size 8

N
=
[EY
ol

=
N
[EY
o

CPU Utilization (%)
CPU Utilization (%)

o
~
(6]

48 12 16 20
Number of nodes Number of groups
| ! T
@QcC lJ Jtilﬂzétion — Fixed ‘gr‘ou‘p size (2) CPU utilization — Fixéd‘system size (96 nodes)
N

|
Tgogp:loms | | ‘ |
]
: _ p2atls » Given a system size, there existsan
experienced with layer ed gossiping. optimum group size that minimizes CPU
> In theregion of interest, CPU utilization utilization. ||
increases slowly and approx. linearly with' | ' » Again, optimum number of groups for a

]
> Relatively%nsignificant tilization

SECUEYE | | 96-node system is8 or 12. | ‘

> For system size > 96, group of 16 has | |
lower utilization than group of 8. |
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—o— Alpha node
—A— Delta node

—m— Zeta node

12 16 20 24
Number of groups

(i) | L‘l CPU utiIizatior‘w e‘r node
|

T gossp = 10ms, keeping thetotal number

] N
|
» Given a system size, thefe exists an

optimum group size that min‘irlnizes CPU

utilization from L1 gossip.

» Theoptimum number of groupsis

approximately the squareroot of the total
optimal,

system size (e.q.
integral group size of 8 or 12).

R .
PU Utilization Sandi
‘ RN i @ LNai:g:Eg?tllries

—0— Alpha node
—A— Delta node
—— Zeta node

CPU Utilization (%)

12 16 20
Number of groups

| \ |
(2) L2 éﬁu\utilization per node

|
nodes fixed at 96, number of groubéilsyaried
]
|

> L2 CPU utilization varies as O(g?), whereg
isthe # of groups.

> L2 CPU utilizatkon demonstratesthat,

|
| | | depending upon performance

. requirements, at some point additional
layer (s) may be needed. | |
|
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—A— Flat gossip T
* Tgosip = 10mMs

—o— Layered gossip

* Flat gossiping
uses Basic

[EE
N

TFor layer ed
arcMectureLl
and L2 are both
Basic

(0]

<)
S
c
o
=
&
N
E
5
)
o
O

‘ ‘ ‘ | |
48 56 64 72 | |
Number of nodes
T
» CPU utilization scalability mak§sastrong case for layering.

» For a96-node system, layered gossublng requiresonly ~7% pf the CPU
utilization required by flat gossiping. \ ‘
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LIU L Bit-set vector L_Gossip list L. Suspect matrix
n n n n

Flat gossip ﬁga?é? LIU,

| Gossip

| L%Lgossip

: ]
Gossip N
header ||, ‘LIUZ

T ‘

L2 gossip |

|
| ||| Packet structure of aflat andlayaed(two-layérbd) 'gossip packets
>Alayer mformatlon unit (L1U, )contalnsthegosspmformatlon onthen”‘layer‘ N |

>The b|t set Vector is a bit vector whoseith b|t is sét to ‘1’ if the i group in the nt" layer is alive,
otherwise it is setto ‘0. ' | | ‘ y |

»The gossip list field is a sequence of bytes, with each byte cghtalnlng ‘heartbeat’ data for eac
group in the nt layer. | N

> The suspect matrix field contains thent" layer sb$pect matrix encoded into a ?It sequence.

»>The ith-layer gossip packet in an-layered system contains the gossip header followed by LIUs
from the it" layer to nt" layer. |
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| pa Ipaql[angth=4+%§+H+HX%§:3+(n+l)x%§+1E
AR

hg‘qh‘ysical length of the gossip packet in the transmission frame is
obtained by adding 'the overheag contributed by the UDP and Ethernet

protocols (42 bytes) to the payload Iéﬁg&h. ThusT the gossip packet length is
given by: L]

o | _
_ N[l
packet length =45 + (n + 1) Z +1E

|
»Nodes send gosshd packets every T. . seconds, thus the bandwidth
gossip A
utilization per nodeis given by: N
|
|
|
45 + (n+1)x D‘D+1E N
B, = ==

T

gossip

National
Laboratories
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—X— Bandw idth -Experimental
Bandw idth -- Analytical model
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158 1éO
Number of nodes
» Analytical model closely matche§the experimental results

» Maximum error islessthan 0.2% OHE the value being predlctqd

» For a 256-node system network utilization per node is about 6. é MDb/s.
|
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onsider a two-layered system of g groups with each group containing m

les, wheren =m xg. The expressonsifor L; and L, obtained by extending
2 result from aflat system are given by:

= 45+(g +1)x%§#1% NN

= 44+ (m+1)x % i1%+ g+1) x%%ﬂé

| |
I N
»Nodesin theflrst Iayer take turnsin sending the second-layer gossip hence

eagh no de sends second-layer gosélp\every mx T seconds, while they

send flrs{ iayer goselp every T jossp SECONAS

gossip

+(m+1)x %Eﬂ% g+1 %Eﬂ% 45+ (g +1)x %glé

9053' Y 9?55 Y

B

two— Iayered
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« Group sizeis
fixed at 8

—¥— Bandw idth - Experimental

2
~~
O
X
N
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e
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o
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28]

Bandw idth - Analytical

56 128 léO 152 224
Number of nodes
B |
| N .
» Analytical model closely matche§the experimental results
» Maximum error islessthan 0.2% OHE the value being predlctqd

» For a 256-node system, network utilization per node is about 2@)3 Kbl/s.
|
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Group size 8 T T9P5$i p = 10ms

Group size 16 e |f N <128, best
group sizeis8

eIf n>128and n <
‘ 512, best group
sizelis 16

o |f n>512, best
group sizeis 32

Group size 32

w
o
o

[EEN
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o
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o
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=
=
ge
c
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o
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100 200 300 400 500 600 700 800 900 1000
Number of nodes

|
» Crossovers occur between different group Sizes.

|
» Using thisanalytical projection, we can deter mine the best group size
for a given number of nodes (more accurate than squar e-r oot approx.).
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eg=m= \/ﬁ
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100 200 300 400 500 600 700 800 900 1000

Number of nodes

| |
AN oy |
» Bandwidth per nqqe of atwo-layered system can be optimized under
the constraint n = m x g, such an optimization iscomplicated by the
discrete nature of the equation. ‘ |
» Instead ssimple heuristic solution is proposed, by choosing m
equal to +/n , alinear scalability in network utilization per n

system sizein a two-layered system is observed.
|

and gto be

oblpver Sus
|
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endent variables
Compiler RN .

e Verson

|« | Optimization| | | ||
|
» Architecture dependence 1

Opergiing system -

e Version H‘H

19 IW:_fTiciency of system calls

Architecture

« Clock cycle
 CPU Architecture
T

* Modeling such dependenéy Isnot only complex but alsd Haé limited applicability

» Analytical projections are made for dqlerssof machines
|

» A designer can lookup the family of curves to deter mine wher e his machine lies.
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ioha nod Thevariation is expected to be
DA quadratic and hence a quadratic

—A— Delta node o
curve fit ismade.
—B— Zeta node

N
o

(=Y
ol

CPU Utilization = aN2+bN+c

a“ b

CPU Utilization (%)

Alpha node | 0.0019 | 0.0429

Deita node | 0.0015 | 0.019

Zetanode | 0.0013 | 10,0095

Number of nodes

]
Ll T = 10ms
|

> By checking complexity of corﬁpUtation loopsin the impleménkation code, can be concluded that

number of CPU cyclesvaries quadratically with number of nodes. | |

gossip

|
» Conclusion confirmed by family of curves shden' second-order coefficient leadsto significant

variation in slope of the curves. F | | |
» Higher clock rate would mean lesser CPU utilization, since lessnumber of CPU cycle? used per
unit time; e.g. Zeta nodes have higher clock rate and hence lower CPU utilization.
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—Alpha node
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Delta node
Zeta node

»
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N
o

128 160 192

Number of nodes

» CPU utilization reaches 100% at about\a50 nodesfor all threetypes of nodes.

» CPU utilization crosses acceptable level Ioné before 250 nodes!
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sy
o limitsin size'of available testbed. RN

» For example, an accurate curve fit and corresponding projection for a
wo-layered system with a group size of 16 would require minimum of
28+16 nodes to observe at least two linear regionsin the sawtooth,
oy

uadratic curve. 0y

]
rocessor util Ization of layered system can be expéded toscalein
same manner as its network utiFization. Hence, we expect overall ‘
O(g?) scalability for afixed group size, or equivalently overall O(n)
scalability when employing an optimal group §ize.

.
Of course, when system size shquld grow to the extent that processor
utilization is considered significant, alogical next step would be the

consideration of athird layer (or more layers). |
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With flat gossiping systems, consensus time scales with system size following
anO(n)'trend. || [ RN SRR NN

For given system size and cleanup time, FWB provides marginally lower

consensus time than FWOB system. ‘
|

When system size exceeds 72 nodes, random protocol for basic S(]yossi pingina
flat system outperfgrms protocols based on round-robin gossip since latter
require clock synchronization between nodes for optimal performance.
Inicontrast with flat gossiping, layered system exhi bits superior scalability by
providing consensustimes virtually independent of system size ?t magnitude

significantly lower even for systems of intermediate size. N
|
: ‘. in two-layered LWB system of 96 nodes divided into groups of eight nodes

each, the consensusti me s less than 70ms or about 25% that of a comparable flat
System. \‘
|

LWOB scheme found to be least émql able of the schemes, with consensus
time increasing significantly with system size. |

|
* e.g.intwo-layered 96-node LWOB system with a group size of 8, cdqsensus time
approaches 1s or approximately three times that of comparable flat system.
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system, network utilization and processor utilization per node both increase with
overall O(n?) scalability, | | RN NEEER RN

Conversely, layered system is found to exhibit superior scalability in resource

utilization versus S §i%e, with two-layered system exhibiting overall O(g?)

scal ability for afixed group size, or equivalently an ovqall O(n) scalability when
bers of groups and nodes/group reasonably balanced. SR iy

e.g. with atwo-layéréd system of 96 nodes divided into groups of 8 nodes each, each node in
system will consume network bandwidth of approxi mateIY 90 Kb/s, which is only about 10%
hat of comparable flat system. SN

. R :
Similarly, processor utilization per node only about 1% in the layered system versus more

‘thap fifteen times that amount in comparabl e flat system. N
|

Given linear scalability of resource utilization and low resource utilization observed up

to system size of 96, proj ected that two-layered system can provide reasonably low

resource utilization for system sizes approaching 1000 nodes. !
|

Use of more than two layers can be consi dered if system size should gr?w to extent that
two layers are not sufficient to keep resource utilization low. |
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» Fault-tolerant, distributed clock synchronization under consideration in support of

gossip protocols based on deterministic round-robin scheduling.

= veteran student (Raghu Tilak) has almost completed thesis activity on this subject.

vort for distributed clock synchronization provides benefits, such as:
Ability to better support deterministic pr‘o{otéls for larger| q@tqn‘l sizes

mplification and streamlining of scheme for insertion of new nodes 1 |

Bookmark for fault-recovery journali ng scheme
]

|
Development and performance analysis/projection of sysfefﬁsempl oying = 3 layers,
such as scalability and tradeoff comparisons in resource util. and CONSensus.

. ‘n?\/\‘/ student (Raj Subramaniyan) invesitigqlting service code extensions and analysis
| |

Studies at application level needed to eval uate usage and impact of gossip failure
detection and consensus service on performance of large-scal €, distributed applications.
= new student (Adam Rucks) investigati mg‘ using APPS and MPI with gossip
|
|
Other related topics with gossip may also be considered. N \

= e.g. new student (Pirabhu Raman) investigating idea for network/computer load monitoring
and management using extension to gossip service in support of application-dependent FT
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other fault-free nodes.

» Each node maintains a fault vector F

" F hasn entries and is not shared W|th the other nodes.

" F ensures that only fault-free members participate
]

> Each node maintains asuspect vector:
|

‘= Has N entries and is shared with the other nodes to yield
a N x N suspect matrix S

= S[i, ] =1if P, suspeptstoP to haveﬁalled

" Sisshared by pi ggybackl ng on the gossip messzf\ges
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» Consensus reached about

TN IR RN procr'jlfS[pj]lfor
Fault Vector F[0...n-1]

alp correspondl ng to afault-

fooops reenode.
|
L m— F [i]= =1if amajority of the

Suspect Matrix S [[0...n-1],[0...n-1]] nodes suspect it to be faulty
Faulty nqd& masked by

|
S[0] nnnn o performlng aloglcal OR

operation between F ahd S

S} nn o Therefore, consensus is reached

when the result of the OR
operation yields a bit array in
which all the elements are one.

S 0000 .
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At Node 1
0O 1 2 3

o|lo|o]o

At Node 2
0O 1 2 3

ojlofo]o

At Node 2
O 1 2 3

\ Flo]o]o]o]

S

Node 1 gossips to
node 2 and the
suspect matrices
are merged

/

Update fault

vector F

L

S
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At Node 2
O 1 2 3

Fli]ojofo]




LNIVERSITY OF

SHORbA  The Round- Robln protocol (NS

| Laboratories
]

??F?rmi”iﬁtiwmtoco' NN NEERN NREN

» Gossiping takes place in definite rounds every Tgossi o SEC

* ' Destination ID = SourceID + I, 1 <T < n I -> round no.
Exactly one message received per round ||| .
]

|
n 1 rounds required to estzE\QI Ish oneone communication

—» 1st Round — » 3rd Round

» 2nd Round — » 5th Round
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« BoundsT and guarantees that
aRby Gieanup, = L
all nodes receive a given node’s

updated heartbeat within a bounded

| time

e Example: '

N 8-node systems require 4 rounds
|

|

ez > 40T yoeqp fOr consensus
to be possible for 8 nodes, ‘

« | |Similar Measurements can be

carried out for other system sizes
y
|
N
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I\/Iathematlcal Relation derived

N T RN
'Tcleanup—aDT

gc)S,Sllo,where
.

a(a-1

RN 2 SN

" Solve lteratively to determine T g fOr agiven
system size'

Number of 112 7 10

Rounds

Maximum 214 p 29

System Size




SHS  RR- Effect of Clock Ske
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>

EXpression gives upper bound of T,
parameter

= Clock skew may cause a non-deterministic
- improvement in the performance AN

leanup ' |

» eg. Node 1 may send its gossip data to node 2

 after it receives node 0's gossip message

| | |
Redundant communication is not ‘

completely eliminated in the RR protocol

Sandia
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Laboratories
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Inary Round Robin (BRR)

I I I I
Compl etely eliminates redundant gossiping

" Destination ID = Source D + 21
where r HRound Number, (D¢<\r\<log2 () -

Example: Sy
= 8-Node system réqui res 3 rounds

® | Tgeanup > 30T for consensus to be possible for 8 nodes.

7 gossip

NodeID
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In gener aI Consensus for an-node BRR system is
possible If
RN - Tcleanupz (log, N) DqussiP

|mprovement is Significant for large systems

Seemsze [o4]8 64 256 |512 | 1024

(nodes) g

Rounds needed | 4 5 | 23 45

RR

Rounds needed 3 | 8 10

BRR




